Introduction
A fluctuating power load is necessary in a conventional slow-cycling synchrotron to produce the desired guide fields.
In a large sgnchrotron, such as the 200-GeV accelerator, the power fluctuations ran be very substantial.
In previous large synchrotrons, the power fluctuations were absorbed by the kinetic energy of a rotating flywheel driven by a synchronous generator. The mean power for such a system was supplied by an induction motor. Although the motor-flywheelgenerator systems can reduce the power fluctu3tiops on t-he utilities, they are expensive from the point of view of initial cost, operation, and maintenance.
Their history of major failure also indicates that they are somewhat undesirable. A study was instigated to determine the overall effect on the total system of running the NAI, 200-GeV sgnchrotron directly from the utilities.
Direct-Powering Problems
The difficulties which are encountered by direct connection to the utilities are of two major types :
Illinois 1) the effects of the pulsating load on the utilities with respect to the customer interference and overall system stability, 2) the effect of normal power-line fluctuations on the regulation and repeatability of the magnet powering system.
Accelerator Requirements
The required current and voltage waveform to generate the desired guide field for the 200-GcV synchrotron is shown in Fig. 1 . IJnlike most previous synchrotrons, the ratio of stored energy to dissipated power is low, which is indicated by the ratio of its inductance to its resistance, 
High-Frequency Harmonics
The effect of high order harmonics of 60 Hz either on the laboratory or the utility system is not clearly understood. It is, therefore, desirable to r-educe their effect to a minimum. l3y utilizing the Z4-independent power supplies it is possible to electrically phase shift or control the power supplies with respect to each other to grnerate a large phase number and thereby a high frequency in the harmonic transmitted to the utilities system.
With the increase in the frequency and thereby decrease in amplitude, the cable used to connect the power supplies can be used as a part of a high-frequency harmonic filter.
Each of the power supplies will be phase shifted with respect to each other by 2. 
ILow-Frequency
Variations --__
The very low or slow variations in amplitude and phase of the utility system due primarily to gross load variations such as daytime and nighttime demands can be reduced from their normal 57% levels to 2 /3y0 by the use of a load tap changer in the master substation transformer.
The tap changer will be controlled by the power-supply control system in such a way that tap changers will only occur during the invert period of the cycle.
Corrective measurements to the voltage program will be taken at that point by the master cantroller.
For power -line variation within the Z/3% dead band of the tap changers, and for variations that occur more rapidly than it is desirable to change the tap changer; the regulation will be controlled by a self-correcting function generator operating on the power supplies. The effective overall gain of a self-correcting function generator of this type can be 100. Therefore, the regulation of slow variations can be expcrted to be better than 0.01%
High-Frequency Variations
The time constant of the bending-magnet system inherently reduces the effect of high-frequency voltage variations on the current regulation. The reduction factor goes essentially as the frequency. 
